Introduction. From the point of view of workplace safety, it is important to know whether having a temporary job has an effect on the severity of workplace accidents. We present an empirical analysis on the severity of workplace accidents by type of contract. Method. We used microdata collected by the Italian national institute managing the mandatory insurance against work related accidents. We estimated linear models for a measure of the severity of the workplace accident. We controlled for time-invariant fixed effects at worker and firm levels to disentangle the impact of the type of contract from the spurious one induced by unobservables at worker and firm levels. Results. Workers with a temporary contract, if subject to a workplace accident, were more likely to be confronted with severe injuries than permanent workers. When correcting the statistical analysis for injury under-reporting of temporary workers, we found that most of, but not all, the effect is driven by the underreporting bias. Conclusions. The effect of temporary contracts on the injury severity survived the inclusion of worker and firm fixed effects and the correction for temporary workers' injury under-reporting. This, however, does not exclude the possibility that, within firms, the nature of the work may vary between different categories of workers. For example, temporary workers might be more likely to be assigned dangerous tasks because they might have less bargaining power. Practical implications. The findings will help in designing public policy effective in increasing temporary workers' safety at work and limiting their injury under-reporting.
Introduction
Accidents at work vary considerably depending upon the economic activity (Eurostat, 2014) . Within the European Union (28 countries) in 2012, the construction, manufacturing, transportation and storage, and agriculture, forestry and fishing sectors together accounted for just over two thirds of all fatal accidents at work and over half of all serious accidents. EU-28 data for 2012 shows that there were two types of common injury, namely, wounds and superficial injuries (about 30% of the total) and dislocations, sprains, and strains (about 25%). Around one in ten accidents resulted in concussion and internal injuries, while a similar proportion of accidents concerned bone fractures.
In their overview of the literature on occupational safety and health, Pouliakas and Theodossiou (2013) mention that, in addition to gender and economic sector, other important determinants of workplace accidents are firm size, age and educational attainment of the worker, and characteristics of the job such as long hours of work, monotony, lack of autonomy at work, and job dissatisfaction. Furthermore, workers on temporary and casual contracts seem to be more susceptible to workplace accidents. A job is temporary if employer and employee agree that the job relationship ends when some objective conditions, like a specific date, the completion of a task or the return of a sick employee, are met. Typical cases of temporary jobs are fixed-term jobs, in which the end date of the job relationship is explicitly stated in the job contract, persons with seasonal employment, and temporary-workagency workers. The higher probability of temporary workers to suffer a workplace accident might be due to the fact that they have less experience with the workplace and because firms have less incentive to Journal of Safety Research 61 (2017) [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] ☆ The authors thank Paola Monti and Chiara Serra for their help in collecting the data and Andrea Albanese, Rafael Lalive, Paolo Pinotti, Knut Røed, and the participants in the Ravenna fRdB-conference on Health and Work Safety for comments on a very preliminary version of this study. provide them with workplace safety training (Pouliakas & Theodossiou, 2013) .
It is important to investigate the relationship between the type of job contract and workplace accidents since the nature of the labor market is changing. Over the past decade, the share of workers with flexible labor contracts increased and is expected to continue to rise. As shown in graph a) of Fig. 1 , in Italy the share of temporary jobs among total salaried employment is growing, particularly among young workers. Whereas the share of temporary workers among old workers (50-64) stayed roughly constant over the time period 1983-2015, the share of temporary workers went up from 8% to 16% for prime age female workers and from 4% to 14% for prime age male workers. The change in the share of temporary workers is spectacular among young workers, as it increased from 12% to 59% for young women and from 11% to 56% for young men. Graph b) of Fig. 1 reports the share of temporary employees by sector of activity. It shows that it increased in all sectors of activity and nowadays one third (33.1%) of salaried workers are employed on a temporary basis in agriculture and about 10% in the manufacturing and services.
From the point of view of workplace safety it is important to know whether temporary workers are more likely to suffer from severe workplace accidents. Previous studies on contract type and workplace accidents are focused on the incidence of workplace accidents and inconclusive on the effect of temporary contracts. Amuedo-Dorantes (2002) found that in Spain temporary employees experience worse working conditions than permanent workers. However, once working conditions are accounted for, temporary workers are not more likely to have a workplace accident. Guadalupe (2003) , also using Spanish data, found that the accident rate of fixed-term workers is 5 percentage points higher than the one of permanent contract workers. García-Serrano, Hernanz, and Toharia (2010) analyzing Spanish workplace accidents found that temporary help agency workers are less likely to be confronted with an accident. Bena, Giraudo, Leombruni, and Costa (2013) analyzing Italian data found that job tenure is inversely associated with injury risks.
An important issue in assessing workplace safety is the reporting behavior of workers. Boone and van Ours (2006) , Davies, Jones, and Nunez (2009) , Boone, van Ours, Wuellrich, and Zweimüller (2011) suggested that cyclical fluctuations in observed workplace accidents are related to reporting behavior rather than caused by changes in workplace safety. Under-reporting occurs because workers are afraid that reporting an accident may lead to job loss or denial of promotion. The underreporting is more likely to occur in times of high unemployment and may be more likely by workers on temporary jobs. Probst, Barbaranelli, and Petitta (2013) found indeed that accident under-reporting is more relevant when workers' perception of job insecurity is larger.
Using administrative data on workplace accidents for Italy covering the period 2009-2013, we investigated the determinants of the severity of workplace accidents, focusing on the question whether the nature of the contract matters. More in detail, we aimed at answering the following three main research questions. First, for similar employees working in similar firms, were temporary workers subject to more severe workplace accidents than permanent workers? If so, this might signal that firms were using temporary employees to perform dangerous tasks, given that temporary workers might have less bargaining power. Second, what was the role played by the working time schedule on the severity of temporary workers' accident? The impact of the temporary nature of a job contract on injury severity could be heterogeneous. It might indeed be more pronounced for temporary employees working full-time. If temporary workers were at higher risk of severe injuries, having a job schedule with longer working hours could reinforce the risk of incurring in severe injuries. See e.g. Dembe, Erickson, Delbos, and Banks (2006) for an analysis of the impact of long hours of work on occupational injuries. However, other explanations could be at stake for an eventual higher risk of severe injuries for temporary workers. For example, it could be a statistical artifact stemming from temporary workers under-reporting minor injuries. Temporary workers might be indeed less inclined than permanent workers to report an injury, because of the fear of being stigmatized as "bad workers" and fired (Guadalupe, 2003) . Since this under-reporting behavior is expected to be more important for minor accidents, the average severity of temporary workers' accidents could have displayed an upward bias. This led to our third research question: how important is the difference in reporting behavior between temporary and permanent worker when analyzing the impact of different contractual arrangements on the severity of workplace accidents? Evidence of temporary workers under-reporting work related accidents has important implications for public policy. We found this evidence and formulated recommendations in order to reduce it.
Methods

Data source
In order to answer our research questions, we exploited microdata on workplace accidents gathered by the Italian National Institute for Insurance against Occupational Accidents (INAIL). INAIL is the Italian national agency monitoring work related illness and injury and managing the mandatory insurance against work related accidents. Work related accidents include workplace accidents, students' accidents at school and accidents while the worker is commuting for home to the workplace or vice versa. Commuting accidents are compensated as if they occurred at the workplace.
Firms are obliged to electronically communicate to INAIL every work related accident resulting in an injury whose recovery time, certified by a physician, exceeds the three days after the day in which the accident occurred. Firms are not required to report to INAIL on minor accidents, i.e. those with an injury recovery time shorter than three days. In case of mandatory communication, employers must report on the accident within two days from the moment in which they receive the medical certificate and within one day in case of worker's death. Employers that do not comply with the mandatory communication of the accident to INAIL are fined between €1,290 and €7,745 per injured worker (Art. 1 and 2 of Law 561/1993 and Art. 1, paragraph 1177 of Law 296/2006).
The INAIL dataset we used for our research contains information on all the work related accidents which took place in Italy between January 1, 2009 and December 31, 2013. The dataset contains 4,006,769 records of work related accidents. Only some special categories of workers, like firemen, policemen, servicemen, and journalists, are not covered by INAIL but by other insurers and are therefore not represented in the INAIL dataset. The unit of observation is the accident. For each accident, the dataset contains a set of characteristics at different levels.
First, we have characteristics pertaining the accident: the date of the accident and, in case of death, the date of death, the Italian province where the accident occurred, whether a vehicle was involved and whether the accident was at the workplace or in commuting.
Second, we have three measures of the severity of the injury: i) number of days of injury recovery certified by a physician; ii) permanent physical damage with severity measured on a scale from 0 to 100; iii) whether the accident caused the death of the worker.
Third, at firm level, we know the sector of activity (2-digit NACE 2007) and firm and plant identifiers. These identifiers allow to understand the number of accidents which took place within the same firm and in the same plant, respectively.
Finally, the dataset contains individual characteristics of the injured person: gender, country of birth, date of birth, an individual identifier allowing to detect whether the same person had multiple accident during the observed time window and detailed information on the employment position (whether salaried workers, self-employed, student or homemaker). Furthermore, salaried workers can be distinguished on the basis of:
• The contractual duration of the job relationship. The distinction between temporary and permanent workers depends on the presence of the termination date of the job relationship in the contract. If the termination date is present, the worker is classified as temporary.
The category of temporary workers include therefore also workers for a temporary work agency (TWA), if the job contract with the TWA has a termination date, and seasonal workers. • The number of contractual working hours. A job is declared to be parttime or full-time by the employer when filling in the INAIL questionnaire to report on the workplace accident. A job is part-time when the number of working hours are smaller than the normal working hours as stated by the national contractual agreement. • The kind of relation with the employer, i.e. standard employee, apprentice, TWA worker or continuous collaborator. Continuous collaborators are, as regulated by the Law 30/2003, hybrids between employees and self-employed workers. Officially, continuous collaborators are self-employed subcontractors and, as such, they are largely excluded from most of the employment protection and social security. However, the working conditions of continuous collaborators are similar, de facto, to those of standard employees.
In the empirical analysis below, we focused on employees, including continuous collaborators, apprentices and TWA workers, and disregarded information on accidents of self-employed workers, students and homemakers.
Estimating the impact of contract type on workplace accidents injury severity
The starting point of our empirical investigation was the analysis of the impact on the severity of workplace accidents of the type of contract, distinguishing workers in permanent and full-time, permanent and part-time, temporary and full-time and temporary and part-time. The outcome variable of primary interest, as a measure of the severity of the work related accident, was the number of days of injury recovery as certified by a physician. As such it never takes negative values. If, in modeling its conditional mean, we used a linear specification in the observed regressors, we could have had negative predictions for the number of days of recovery. In order to avoid such a problem, we took the natural logarithm of the number of days of recovery and then specify its conditional mean using a standard linear specification. Formally, denote by y it the natural logarithm of the number of days of injury recovery from accident t for worker i, with t =1, … , T and i =1, … , N. In error form, the equation describing the outcome variable for individual i experiencing accident t was assumed to be
where:
• tc it is a set of dummy variables indicating whether the worker fell into one of the following four mutually exclusive contract type: permanent and full-time, permanent and part-time, temporary and full-time or temporary and part-time. tc it is a vector of zeros if the worker had the standard working arrangement: full-time and permanent. • α is the conformable vector of coefficients, i.e. the effect of having a particular type of contract on workplace injury severity. • x it is a K×1 vector of control variables containing a constant, worker's characteristics (age, gender, nationality, type of worker), characteristics of the establishment (sector and geographical area), characteristics of the accident (whether a vehicle was involved and year and month of the accident) and eventually worker or/and firm fixed effects. β is its conformable vector of coefficients. • u it is an idiosyncratic error term with conditional mean equal to zero.
Estimation of Eq. (1) by Ordinary Least Squares (OLS) returns unbiased estimates of the effect of the contract type on the severity of the injury under the assumption that the regressors are uncorrelated to the error term. This assumption holds if there are no other predictors of the dependent variable y it which are, at the same time, correlated to the regressors of interest in the right-hand side of Eq. (1). If these uncontrolled predictors are omitted from the model specification, an omitted variable problem arises and the OLS estimator is biased and inconsistent. Given our limited set of control variables, there are good reasons to believe that there might be unobserved firm and worker characteristics determining both the contract type tc it and the type of accident and, thereby, the severity of the injury. If so, it would be difficult to interpret the estimated parameters and disentangle the impact of contract type from the spurious one determined by unobserved characteristics at firm and worker level. For example, firms using special production technologies or with final products more affected by international competition might be more likely to demand temporary workers and have more risky working environments. If this is the case and we cannot control for the exposure to international competition, the estimated impact of the contract type will incorporate the one of the omitted variable: we would be unable to disentangle the true effect of the contract type from the spurious one of the degree of market competition. More productive and able workers might be more likely to get a permanent job and, since they might be organized and precise in their tasks, less likely to get involved in serious accidents. Once again, if this is the case and we cannot control for workers' ability, we cannot disentangle the impact of contract type from the one coming from unobserved ability.
In order to overcome these omitted variable problems, we estimated different versions of Eq. (1), after augmenting it by fixed effects at firm or/and worker level. The inclusion among the set of explanatory variables of firm fixed effects removed the omitted variable bias stemming from unobserved firm characteristics determining both the type of accident, and therefore the severity of the injury, and the type of contract. Augmenting Eq. (1) by worker fixed effects eliminated, from the estimated impact of the contract type on injury severity, the spurious effect induced by unobserved heterogeneity at worker level correlated both to the contract type and the injury severity.
The identification of the effect of the type of contract on injury severity was based on different assumptions and on variation of different sources, depending on whether we controlled or not for fixed effects at worker and firm level. If we included in Eq. (1) neither the firm nor the worker fixed effects and estimated it by OLS, we identified the effect of contract type under the assumption that there were no unobserved worker and firm characteristics affecting both the contract type and the injury severity. When we included the firm fixed effects in Eq. (1), we removed the spurious effect due to firm heterogeneity and identification was based on the within firm presence of accidents of workers with different types of contracts. Finally, when we controlled for the fixed effect at worker level, we identified the effect of contract type exploiting information on the injury severity from those workers who had multiple accidents in the time window 2009-2013 under different contract types. This identification strategy has some pros but also some cons. On the one hand, controlling for workers' fixed effects removed from the estimated effect the spurious component due to the presence of heterogeneity at individual level which was constant across multiple accidents, like for instance ability, productivity and skills. On the other hand, since most of the workers in our dataset experienced only one accident in the observation period, the identification of the effect hinged on a small fraction of the original sample and on the implicit assumption that the change in the contract type was not caused by the severity of a previous injury (strict exogeneity assumption).
Estimation strategy when correcting for under-reporting
The evaluation of the causal effect of the type of contract on injury severity might be problematic due to the under-reporting of occupational injuries. Under-reporting is indeed very well-known to affect occupational injury data (see e.g. Galizzi et al., 2010; Rosenman et al., 2006; Shannon & Lowe, 2002; Tucker, Diekrager, Turner, & Kelloway, 2014) , and it might be significantly related to the type of contract. Firing a temporary worker is much easier than firing a permanent worker in Italy. Dismissing a temporary worker is indeed just a matter of waiting for the end of the contract, while firing costs of a permanent worker might imply more than 20 months of gross wage if declared unfair in court. Hence, temporary workers might be much less inclined than permanent workers to report an occupational injury because of the fear of being stigmatized as "bad workers" and, as a consequence, fired (Guadalupe, 2003) . Since it is plausible that it is more difficult, for both the firms and the injured workers, to avoid reporting severe injuries, the contract type differential in under-reporting is expected to be more important at the bottom of the distribution of the injury severity variable. In other words, minor accidents of temporary workers could be underrepresented in our dataset, with the consequence that the observed mean of the number of days of injury recovery could be upward biased.
We exploited the information on commuting accidents to get rid of the under-reporting bias in a difference-in-differences (DD) estimation framework. In Italy, accidents while commuting from home to the workplace and vice versa are considered as work related accidents: INAIL compensates the injured worker as if the accident took place at the workplace. If we compare the injury severity of a temporary and a permanent worker incurred in a commuting accident with the same observables, like gender, nationality, age, sector of activity, geographical location, moment of time (month and year) and eventually working for the same firm, on average we should not detect any difference in the severity of their injuries. If we do, it might be that the difference is due to temporary workers under-reporting minor injuries for the fear of the above-mentioned stigma. It is unlikely that eventual discrepancies in the average severity of a commuting accident between temporary and permanent workers are due instead to different exposure to workplace hazards. If so, commuting accidents can be exploited to identify the under-reporting bias by comparing the average injury severity of commuting accidents for workers with different contract type and, under the assumption that the same under-reporting bias is present also in workplace accidents, disentangle the spurious effect of the contract type due to under-reporting bias from the true effect of the contract type.
From the operational point of view, we proceeded as follows. First, we included in the sample also commuting accidents. Second, similarly to the model specification in Eq. (1), we wrote down a linear model in error form for the natural logarithm of the days of injury recovery for individual i experiencing work related accident t, with i = 1 , … , N and t =1, … ,T, as
where wa it is a dummy indicator equal to one if the accident took place at work and zero if it was in commuting. The difference between Eqs. (1) and (2) consists in: i) the presence of the dummy indicator wa it ; ii) the inclusion of a full set of interactions between this dummy variable wa it and all the other regressors [tc it ,x it ]′. Lastly, we estimated Eq.
(2) by OLS. The OLS estimate of δ DD is the treatment effect, i.e. the causal effect of having a particular type of contract on workplace injury severity, once we net out possible under-reporting biases of temporary workers. The OLS estimate of the parameter vector γ captures the difference in the injury severity between accidents at work and in commuting, which is allowed in our model specification to vary across different values of the covariates x it . In order to clarify the claim that δ DD identifies the causal effect of the contract type on workplace injury severity, under the zero mean assumption of the error term u it , from Eq. (2) we can write the following conditional expected values:
Eqs. (3) and (4) are the conditional expectations of the injury severity for workers with a permanent and full-time arrangement, in case of accident at work and in commuting, respectively. Eqs. (5) and (6) are the counterparts for workers with a non-standard contract type. Differencing the conditional expectation of non-standard workers eliminates the fixed effects x it ′ β and the drift tc it ′ α associated to the type of contract that might be due, for instance, to under-reporting, i.e.
This clarifies how we exploited the information in commuting accidents to get rid of under-reporting biases. The same difference for standard workers yields
which isolates the effect of a workplace accident, compared to a commuting accident, on injury severity. Then, by taking the difference of the differences in Eqs. (7) and (8), we get rid of x it ′ γ and are left with tc it ′ δ DD , which is what we aim at identifying. Conditional on observables, the identification of the effect of contract type on workplace injury severity through a DD approach is based on some underlying assumptions, implicit in the model specification. First, ceteris paribus, workers with a non-standard job arrangement experience drifts (x it ′γ) in the injury severity similar to those of permanent and full-time employees. This assumption is the same as the parallel trend assumption per each cell identified by set of observables in a standard DD framework (Abadie, 2005) . Second, ceteris paribus, workers with a workplace accident experience drifts (α) in the injury severity similar to those of workers with a commuting accident. In other words, we required that, given the same type of contract, workers have the same reporting behavior of their accidents at work and in commuting.
As we did in the benchmark analysis based only on accidents at work, we could augment Eq. (2) by fixed effects at firm and/or worker level. However, if we introduced worker fixed effects, the identification of the effect of the type of contract on the severity of the workplace accidents would be based on those workers with multiple accidents of both types, in commuting and at work. When a worker experiences an accident, either in commuting or at work, for a while she will be less likely to undergo the accident of the other type, since the injured worker will be absent from work for some days. In other words, at worker level, one type of accident generates a potentially relevant crowding out effect from the other type of accident. This means that, with worker fixed effects, the effect is identified on a small sub-sample that is endogenously selected, because the less severe is the accident (the smaller the number of days of injury recovery), the larger the probability of observing the same worker in both types of accidents. This is the reason why, when we conducted the DD analysis, we did not estimate the equation with worker fixed effects.
Results
Sample characteristics
The original INAIL dataset contained 4,006,769 records of accidents. We selected all the records that INAIL officially recognized as work related accidents and deleted all the records that received a negative evaluation by INAIL or that were still under inquiry. This selection reduced the dataset to 3,257,083 observations. According to the institutional set-up, it was not mandatory for the employer to communicate minor accidents. Nonetheless, some employers did communicate them. Since these minor accidents were very likely to be largely under-represented, we deleted accidents causing three or less days of injury recovery (excluding the day of the accident), leaving us with 2,739,805 accidents. After dropping students, homemakers and self-employed workers and restricting the sample to workers between 15 and 64 years of age, the sample size shrank to 1,809,244 records. Then, we deleted records with missing observations for the sector of activity or the region of the firm, which further reduced the sample to 1,650,350 reported accidents.
The focus of our analysis was on the relationship between the type of contract and the severity of the injury, conditional on having a workplace accident. As an indicator of the severity of the accident, we used the number of days of injury recovery that INAIL assigned to the injured worker. In case of immediate death, this information is not available. We therefore restricted the sample to those workers who survived the accident (deleting 2,554 records). In order to avoid possible coding mistakes in the variable measuring the number of days of injury recovery, we further restricted the sample by removing observations in the last percentile of the distribution of the days of injury recovery. The 99th percentile of the distribution of the number of days of injury recovery was 247 days. We were left with 1,630,478 records of which 1,350,593 were workplace accidents and the remaining 279,885 were commuting accidents. The workplace accidents belonged to 1,152,627 different workers, employed in 304,258 different firms. The commuting accidents (17.2% of the reported accidents), which we initially removed from our sample, were exploited later to assess the importance of eventual underreporting biases. Table 1 reports summary statistics of the days of injury recovery from a workplace accident, for the whole sample and by the type of contract and working time. For the whole sample, the average number of days of injury recovery was about 29. Part-time workers were on average less likely to experience severe accidents, independently on whether they were temporary or permanent workers. The average number of days of injury recovery for part-timers was indeed equal to 26 days if working with a temporary arrangement and to 27 if working with a permanent contract. The same figures were respectively equal to 34 and 30 for full-timers. Temporary and full-time workers were therefore those suffering, on average, more severe accidents. By looking at the percentiles of the distribution of the days of injury recovery, we noted that the differences in the means are larger than the differences in the medians. The percentiles were indeed quite homogeneous across the different types of workers up to the median. They started to be quite different after the 75th percentile. It was hence the right tail of the distributions which explained most of the observed difference in the means. Fig. 2 displays the cumulative distribution functions of the natural logarithm of the days of injury recovery. It offers an alternative way of looking at differences in the distribution of the days of injury recovery across different types of workers. It confirms that the difference in the mean of the days of injury recovery between temporary and permanent full-timers was mostly induced by the fact that temporary full-timers were more likely to experience quite severe workplace accidents. Table 2 displays summary statistics of the explanatory variables used in the regression analysis. The explanatory variables of primary interest were the type of contract, distinguished on the basis of the contractual duration of the job relationship (whether temporary or open-ended contract) and of the number of contractual working hours (part-time or full-time). Most of workers experiencing a workplace accident were permanent and full-time workers (78.2%), whereas temporary workers amounted to about 5.8% of the sample. Less than 1.5% of the workers were non-standard employees and were instead either apprentices, TWA workers, or continuous collaborators. We also had information on the age of the worker (on average 40.8 years old), gender (27.5% are female), nationality (84.7% are Italian), whether a vehicle was involved in the accident (6.4% of the records), the sector of economic activity, the region of the firm and the date of the accident. Over the years, the number of accidents decreased, perhaps as a consequence of the economic crisis and the resulting reduction in the number of employees. Table 3 shows the distribution of firms by the number of accidents and the distribution of workers by the number of multiple accidents they experienced. It therefore gives an overview of the type of multiple observation per firm or per worker that we exploited in the regression analysis to identify the firm or the worker fixed effects. As mentioned at the end of Section 2.2, multiple observations of workplace accidents per worker or per firm were indeed needed to identify the effect of the contract type when we included fixed effects at worker or firm level, respectively.
In order to correct the estimations for accident under-reporting of temporary workers, we exploited commuting accidents as described in Section 2.3. From 2009 until 2013 there were about 280,000 commuting accidents in Italy, 17% of the total work related accidents. Table 4 reports descriptive statistics of the outcome variable when we included also commuting accidents in the estimation sample. Accidents in commuting were more severe on average and also across all the selected percentiles. The average number of days of injury recovery for commuting accidents was 36.3 days, against 29.4 days of workplace accidents. Fig. 3 illustrates the cumulative distribution functions of the days of injury recovery, distinguishing between accidents in the workplace and in commuting. It shows that the probability of experiencing an accident more severe than a given number of days of injury recovery was always higher for commuting accidents, for every value of the days of injury recovery. Table 5 reports the OLS estimation results of Eq. (1) without controlling for fixed effects at worker or firm level. Workers with a full-time temporary job suffered from more severe injuries than full-time permanent workers. The days of injury recovery were almost 15% larger for temporary full-timers than for permanent full-timers. Part-timers were significantly less likely to experience severe injuries than fulltimers. The days of injury recovery in case of accident for temporary (permanent) part-timers were 1.6% (0.5%) smaller than those of fulltime permanent workers.
Parameter estimates of the benchmark model
Furthermore, we found that standard employees were more likely to suffer more severe injuries than apprentices, TWA workers and continuous collaborators. Women and non-Italians were subject to less severe injuries than their counterparts. Injury severity rose with age, maybe because older workers recover more slowly from an injury. In construction, the injuries caused by a workplace accident were largely and significantly more severe than in the other sectors: injured workers had about 13% more days of injury recovery than in manufacturing and other sectors. Accidents were more severe in the Center and Southern part of Italy and less severe in the North-East. Finally, we found that the number of days of injury recovery significantly increased in 2013 by about 1.3% compared to 2009. Table 6 reports the estimated coefficients of the contract type when fixed effects at firm or/and worker level are included in the model specification. Panel a) summarizes the estimation results shown in Table 5 for the type of contract. Panels b) and c) report the results of the models with fixed effects, respectively, at firm level and worker level. Finally, panel d) of Table 6 displays the estimation results when we plugged into Eq. (1) both the firm and the worker fixed effects. The inclusion of the fixed effects at different levels did not modify, from the qualitative point of view, the estimated impact of the type of contract on injury severity. Quantitatively, the omission of the fixed effects generated an upward bias on the coefficient associated to the indicator of a temporary job. This means that there was a positive correlation between the unobservables at firm or worker levels determining the injury severity and the likelihood that the contract of the worker involved in the accident was temporary. This is the case if, for instance, firms where the working conditions were more risky for workers' health were those which more easily hired workers on the basis of temporary contracts. At worker level this means that workers who were more likely to hold a temporary contract, like less experienced or with shorter tenure, were individuals who were more likely to experience a more severe accident.
The estimated effects of the indicators for part-time jobs (both permanent and temporary) were also upward biased when the fixed effects were not included among the set of regressors. This means that there was a positive correlation between the probability of having a parttime position and the unobserved determinants of injury severity. This might be due to the fact that firms more oriented to hire part-time workers were firms where the production technology was organized so that workplace accidents resulted in more severe injuries. At the individual level, this implies that workers who preferred to work parttime were also individuals who were less careful on the workplace.
In the model with fixed effects at worker level, the identification of the effect of the contract type hinged on workers who had multiple accidents and who had different types of contract across workplace accidents. This means that identification was based on a small fraction of the whole sample. As a matter of fact, only 19,829 workers had multiple accidents (corresponding to 22,476 records) and varied type of contract. This resulted in much larger standard errors of the estimated coefficients of the indicator dummies for the contract type when moving from the model without fixed effects to the model with fixed effects at worker level.
Conditional on the worker fixed effects, the firm fixed effects might still be correlated to the contract type. Similarly, conditional on the firm fixed effects, the worker fixed effects might still be correlated to the contract type. Leaving either the firm fixed effects or the worker fixed effects out of the model might result in biased estimates due to an omitted variable problem. Identifying both the firm and the worker fixed effects requires however to have workers that experienced accidents at multiple employers and that changed the type of contract (Abowd, Creecy, & Kramarz, 2002) . Identification is therefore based on an even smaller number of observations than the case in which only the worker fixed effect was included in the model. Panel d) of Table 6 reports the estimation results of the coefficient of the variables of main interest when both the worker and the firm fixed effects were included in Eq. (1). From the quantitative and qualitative viewpoints, they are in line with the estimation results reported in panels b) and c) of Table 6 .
Assortative matching
After the estimation of the equations with fixed effects both at worker and at firm levels, we computed the correlations between the two types of fixed effects, in order to understand whether there was negative or positive assortative matching between workers' and employers' unobserved components of injury severity. In the economic literature (see, e.g., Atakan (2006) , and references within), assortative matching occurs when agents sort themselves non-randomly into matches. There is positive assortative matching if workers' and employers' fixed effects are positively correlated, meaning that workers who are very likely to incur in a severe injury match with firms in which severe injuries are more likely to take place. The assortative matching is negative if that correlation is negative. Since we could disentangle the firm fixed effects from the worker fixed effects only for firms displaying workers' mobility, after the benchmark regression we estimated correlations on the basis of only those observations in firms which displayed some workers' mobility. The firms with movers could be divided into different groups of connected firms and workers, such that within a group there was worker mobility and between groups there was no mobility (Cornelissen, 2008) . Abowd et al. (2002) showed that within each connected group of firms and workers, it is possible to identify and disentangle the firm fixed effects from the worker fixed effects. This also means that in each group the fixed effect of one firm is normalized to zero. When correlating the worker and the firm effects with each other, it has to be considered that we identify relative firm fixed effects within groups, since in different groups a different normalization is imposed (Cornelissen, 2008) . For this reason, Table 7 displays the average across groups of the correlation between firm and worker fixed effects, weighting each group by the number of observations in that group. As pointed out by Abowd and Kramarz (2004) and Andrews, Gill, Schank, and Upward (2008) , the estimated correlation between the worker and firm fixed effects might be biased due to low observed workers' mobility across firms. In order to assess the importance of the limited-mobility bias, in Table 7 we also present: i) statistics estimated after selecting firms with different minimum number of movers and workers with different minimum numbers of observations; ii) the bias corrected correlation in the largest group of connected firms and workers estimated as described in (Gaure, 2014a (Gaure, , 2014b .
The bottom of Table 7 shows that there was a small difference between the uncorrected and the bias corrected correlation. Moreover, the correlation between the worker and the firm fixed effects was strongly negative. We found therefore evidence consistent with negative assortative matching: conditional on experiencing a workplace accident, workers who were injured more severely worked in less dangerous firms and firms with more dangerous workplaces hired workers who were less prone to dangerous accidents. Thus, it seems that in job matching in Italy there was mutual compensation of unfavorable workplace safety characteristics. Table 8 displays the DD estimation results after correcting for underreporting of temporary workers. Qualitatively, we got estimation results in line with those of the baseline model presented in Table 6 . The positive effect of temporary and part-time contracts on injury severity is (Galizzi et al., 2010; Shannon & Lowe, 2002) [25,34] 0.1193 ⁎⁎⁎ 0.0033 [35, 44] 0.2284 ⁎⁎⁎ 0.0033 [45, 54] 0.3325 ⁎⁎⁎ 0.0033 [55, 64] 0.4317 ⁎⁎⁎ 0.0040 Geographic location of the establishment -Reference:
Under-reporting
North however now smaller, although still significantly different from zero. Without controlling for firm fixed effects, we found that temporary full-timers got 6.4% more days of injury recovery than permanent fulltimers. With the inclusion of the firm fixed effects, which returns estimation results robust to omitted firm characteristics, we found that in case of a workplace accident, temporary and full-time workers got 3.4% more days of injury recovery than permanent and full-time workers. A similar gap between temporary and permanent workers stemmed from part-time jobs: conditional on experiencing an accident, the number of days of injury recovery of temporary part-timers were 3.5% significantly larger than those of permanent part-timers (− 0.0034 + 0.0386 = 0.0352), and in line with those of permanent and full-time workers. This means that working part-time was associated with less important injuries, but within the group of part-timers, working on a temporary basis generated more severe injuries with the same intensity as within the group of full-timers. The correction for under-reporting on the basis of accidents in commuting suggested that: i) the effect of temporary jobs on the severity of a workplace accident was overestimated if under-reporting was not taken into account; ii) temporary workers systematically underreported workplace accidents.
Discussion
In our analysis of Italian microdata our main findings were that: i) workers with a temporary contract, if subject to a workplace accident, were more likely to be confronted with more severe injuries than permanent workers; ii) although for part-time workers injuries severity were less severe than for full-time workers, the gap between permanent and temporary workers was detected both among part-timers and among full-timers; iii) not taking into account injury under-reporting (Cameron, Gelbach, & Miller, 2011) . ⁎⁎⁎ Significant at 1%. ⁎⁎ Significant at 5%. ⁎ Significant at 10%. Notes: § The biased corrected correlation is estimated as described in Gaure (2014a Gaure ( , 2014b ) and using the R package lfe (Gaure, 2015) . ⁎⁎⁎ Significant at 1%. of temporary workers resulted in an upward bias in the estimation of the impact of temporary work on injury severity.
The mechanisms explaining our empirical findings are not obvious. A potential explanation is job tenure which is related both to workplace safety behavior and to type of contract. More experienced workers are less likely to undertake unforeseen dangerous actions, while at the same time more experienced workers are more likely to have stepped to open-ended arrangements. Unfortunately, the INAIL dataset did not contain information on job tenure or variables to proxy it. Therefore, it was not possible to distinguish between the effect of job seniority and the effect of having a temporary contract. It was not clear as well whether differences in investment in workplace safety training contributed to the differences in severity of workplace accidents. It could be that employers invested more in workplace safety training of workers in permanent jobs than they did in workers in temporary jobs.
Since the inclusion of firm fixed effects did not influence the relationship between temporary contract and the injury severity of the workplace accident, the type of firm did not seem to be the intermediate variable. This however did not exclude the possibility that, within firms, the nature of the work could vary between different categories of workers. For example, temporary workers might be more likely, ceteris paribus, to be assigned by the employer to dangerous tasks because they might have less bargaining power.
Sometimes, it is difficult to draw conclusions about the determinants of workplace safety because of reporting behavior. It may be the case that workers on temporary jobs are less likely to report a workplace accident in fear that their contract will not be extended. To investigate the influence of reporting behavior, we exploited a difference-indifferences analysis using information on commuting accidents as a counterfactual. We found that the effect on the severity of a workplace accident of having a temporary job instead of a permanent job was reduced but was still significantly different from zero. This suggested that under-reporting of small workplace accidents by temporary workers was not a marginal issue in Italy.
Finally, our data allowed us to study whether there was assortative matching between workers and firms along the dimension of workplace safety, i.e. whether workers who experienced a more severe workplace accident were less likely or more likely to match with firms which experienced more severe workplace accidents. We found strong negative correlation between worker fixed effects and firm fixed effects consistent with negative assortative matching. Firms with a more dangerous workplace hired workers who were less prone to severe accidents.
Practical implications
From our findings we derive two main practical implications. First, since we found that temporary workers were more likely to experience severe injuries once a workplace accident took place, public policy should aim at improving workplace safer for temporary workers. However, designing effective interventions in reaching this goal requires identification of the factors determining the positive relation between having a temporary position and experiencing more severe injuries when a workplace accident occurs. If the key explanation is temporary workers having lower job seniority and, thereby, lower familiarity with the job that is needed to avoid work injury, then policy intervention should aim to make it easier for temporary workers to receive training on site-specific accident prevention. To achieve this, workplace safety procedures should be included in the contract. If instead the positive relation originates from temporary workers being in a weak position to challenge the employer when assigned to hazardous tasks, reducing the duality between temporary and permanent jobs which characterizes the Italian labor market could be a sensible intervention to realign the gap. The 2015 reform of the Italian labor market (Legislative Decree No. 23/2015) partially followed this direction by significantly lowering the firing costs of new open-ended contracts.
Second, the evidence of temporary workers under-reporting workplace accidents has important implications for public policy. Underreporting undermines not only the validity of statistical analysis with accident data, but it is also a key starting point to ensure that temporary workers will have a safe workplace. In fact, if employers are aware that temporary workers are not willing to report workplace accidents because of their precariousness, employers may use temporary jobs as a way to avoid meeting all the obligations dictated by workplace safety laws. More stringent regulations and penalties for employers not reporting workplace accidents, more inspections to collect information on employers' work-site safety practices and awareness campaigns urging temporary workers to be proactive about their own safety could be devices to improve workplace safety.
Limitations and future directions
Mainly due to limitations imposed by the data, our study left some ground for future research. First, as mentioned before, our policy advice is conditional on the key mechanisms driving our findings, which we were not able to isolate in our study. The INAIL dataset lacks information on the labor market history of the worker, i.e. on work experience and job tenure in the firm the accident took place. This prevented us from distinguishing the effect of specific knowledge and familiarity with the specific workplace from the employers' decision to allocate temporary workers to hazardous tasks. Second, the INAIL dataset contains only information on work related accidents. It does not have information on workers in the same firm who did not experience an accident.
